Human Ellipse of Indian Pedestrians  by Singh, Natasha et al.
doi: 10.1016/j.trpro.2016.06.013 
Human Ellipse of Indian Pedestrians
Natasha Singh1*, Purnima Parida2, Mukti Advani2 and Rajesh Gujar3
1Metro-Link Express for Gandhinagar and Ahmedabad (MEGA) Pvt. Ltd, Ahmedabad,Gujarat
2 CSIR- Central Road Research Institute, New Delhi.
3 Pandit Deendayal Petroleum University, Gandhinagar, Gujarat.
natasha30192@gmail.com, punam31@gmail.com, mukti7@gmail.com,
rajesh.gujar@sot.pdpu.ac.in
Abstract
The most important parameter for designing a pedestrian facility is the area required by a 
pedestrian to stand comfortably or make a comfortable movement. This area is referred as Body 
Ellipse (Human Ellipse) and depends on Shoulder Width and Body Depth of a human being (and 
also on the kind of activity i.e. Standing or Walking). In current practices, design of pedestrian 
facilities’ are according to the body ellipse of pedestrians experimented in The United States Of 
America (US-HCM 2010). Regional variances are marked in these physical characteristics that are 
dependent on human body dimensions to a greater extent, ultimately playing an important role in 
pedestrian’s convenience (capacity and Level of service of a facility) and design environment. 
This paper is an attempt to study the measurements of Body Ellipses i.e. body depth and shoulder 
width by carrying out videography surveys on the pedestrians in India (specifically Delhi). The 
analysis also includes, classifying the body dimensions according to gender and walking 
with/without baggage (handbag/backpack), along with the measurement of the Step length of 
pedestrians’ while walking which shall give out the area required for walking. These body 
dimensions have been compared with the standard body dimension available worldwide. The 
study location was a walkway in a commercial area in Delhi (India) with a sample size of 747 
consisting of 132 females and 615 males. The extracted body dimension varies from 26.07 to 
52.14 centimeter for body depth and 42.35 to 67.76 centimeters for shoulder width. 
Keywords:Pedestrians, Human Ellipse, India
1 Introduction
Everyone walks. Being able to walk is one of the most magnificent abilities of a human being, 
and is an important step for the progress towards civilization. Planning and implementing 
pedestrianfacilities require an understanding of the characteristics of pedestrian movements, such 
as their Speed, Flow, Space requirements, Shy Distance from obstacles, tolerance to congestion 
etc.
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The most quoted and referred capacity manual in the transportation community worldwide is 
the United States- Highway Capacity Manual (US-HCM) first developed in 1950. The Indian 
traffic characteristics are fundamentally different from those in the developed countries and even 
the driver behavior is vastly different from even the developing economies like China and 
Indonesia. Consequently, the development of Indian Highway Capacity Manual (Indo-HCM) has 
been undertaken on priority in the form of a mission mode project by considering the various 
categories of Indian roads like Expressways, National Highways (NH), State Highways (SH), 
Major District (Country) Road (MDR), Other District Roads (ODR) and Urban Roads (UR) 
separately. 
In Current practices, the space requirements by a pedestrian (Body Ellipse of United States 
(US) pedestrians) given in US-HCM 2010 are used for developing LOS criteria while designing a 
pedestrian facility. The body dimensions of pedestrians’ vary according to the regions. It has been 
observed that western people are generally taller and have broader shoulders as compared to 
Asians. This may induce a change in the capacity of a pedestrian facility. This paper deals with the 
space requirements of a pedestrian on a walkway facility. The space requirements (Human 
Ellipse) of US pedestrians may be different from that of Indian pedestrians, given the socio-
cultural differences. This change ultimately has an impact on developing the capacity values of a 
pedestrian facility. The present study is an endeavor to understand the actual space requirements 
of the pedestrians in India.
2 Need & Scope of the study
In reference to the pedestrian facilities design and analysis, the US–HCM, provides a general 
framework and procedures. However, different locations have their own physical restraints as well 
as individual environmental requirements, and may require the application of different qualitative 
and quantitative standards. Furthermore, the criteria adopted for Western countries may not be 
appropriate for Asian countries because of different pedestrian characteristics (Tanaboriboon and 
Guyano, 1989). It has been studied through primary literature survey that information regarding 
Human Ellipse (pedestrian space) for Indian scenario is very limited (Rakesh and Mohamed, 
2010) and hence, it has been proposed to be studied. The scope of this study is limited to 
Pedestrians walking on sidewalks and walkways in Delhi, India.
3 Research Methodology
The research begins with an extensive literature review related to the works in the pedestrian 
domain, mainly in the Human Ellipse. Various manuals, research papers, books etc. were referred. 
Based on the existing literature, it has been understood that very negligible numbers of studies 
have been done in regard of focused topics for Indian scenario. Based on this gap in literature, 
objectives and scope of present study has been defined. Geographical scope of the study was 
limited to Delhi only. Delhi being the National Capital has a cosmopolitan character and Indians 
from all over the country live for employment and education purpose. Also Delhi attracts lots of 
tourist from various parts of India as well as abroad. An attempt was made to select a site where 
people of varying ages and all walks of life and place, and purpose can be captured through 
videographic surveys.
Videography data collection was done at various sites spatially distributed in Delhi for 
collecting pedestrian data related to the study. Videography surveys were done to collect Human 
Body Dimensions. The Human Ellipse part of the study requires extraction of Shoulder width and 
Body depth, and hence data collection is from a camera located at a height with lens facing down.
Observed pedestrians have been categorized into pedestrians based on gender (Male and 
Female) and classified further walking with baggage, without baggage. The 95th percentile values 
for the human dimensions and shy away distance have been then summarized. The lateral distance 
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pedestrians keep from one another were then categorized into pair wise combinations based on 
gender.
4 Literature Review
Fruin (1987) introduced the concept of Body Ellipse and Body Buffer zone. He gave the fully 
clothed dimensions of 95 percentile of the pedestrian population (95% are less than this) as 13 
inches × 23 inches. Fruin (1971) also specified the shoulder breadth of 99th percentile civilian 
male as 20.7 inch (52.57 cm) with a recommended addition of 1.5 in (3.81 cm) for heavy 
clothing.The Highway Capacity Manual (HCM) 2010 gave out a simplified body ellipse of 1.5 
feet × 2.0 feet, stating an area(Rectangular) 3.0 sqft. (0.27m2)(figure 1) as the basic standing area 
for a single pedestrian which is 108% of the ellipse suggested by Fruin.The equivalent elliptical 
area of HCM’s body ellipse is 0.211m2.Still (2000), by comparing his own body dimensions to 
that of HCM’s (figure 2), concluded that human ellipse dimensions given in US-HCM are quite 
generous as compared to the one given by Fruin. Table 1 shows the comparison between the 
human ellipses taken from various sources.
Author/ Source Country Body Dimension
Body Dimensions
(Converted Into SI units)
Fruin (1987) USA 13in × 23in 0.33m × 0.58m
Still (2000) UK 0.5m × 0.3m 0.50m × 0.30m
US-HCM 2010 USA 1.5ft × 2.0ft 0.45m × 0.60m
TCRP Report 165 USA 20in × 24in 0.50m × 0.60m
Table 1: Comparison of Human Ellipses
The Transit Capacity & Quality of Service Manual (TCRP Report 165, TRB 2013)revisited 
the Fruin/HCM body ellipse and found that (i)Fruin/HCM illustration depicted a 50th-percentile 
1970s U.S. male inside the ellipse (overstating the amount of buffer space provided to a 95th-
percentile male) and (ii)The American population has become larger since the time body ellipse 
was invented. Considering the increase in size of the 95th-percentile U.S. male from the 1970s to 
the mid-2000s, the body depth needed to be increased by 2 inches (5 cm) (20in x 24in) to provide 
the same amount of buffer (personal) spacein 2010 as was originally provided in 1970, resulting in 
an ellipse size of 50 cm × 60 cm, covering 0.24 m2elliptical area. The US-HCM 6th Edition (2016) 
will be using this version of the body ellipse.It also stated that an ellipse of 45cm x 60 cm body 
represents the area occupied by a heavily clothed man with a high-percentile shoulder breadth, 
including allowances for body sway, a small amount of personal space, and the ability to carry a 
small object representing an occupied space of approximately 0.22 m2
Spacing affects the speed and the flow of the pedestrian volume and hence the capacity of the 
pedestrian facility. Fruin (1987) in his work argued that pedestrians prefer to avoid contact with 
other pedestrians, and so they strive to keep a distance from fellow pedestrians. He also suggested 
Figure 1: Human Ellipse (US- HCM 2010)
Figure 2: Comparison of Body Ellipses
(Still, 2000)
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a body buffer zone of 0.75m2 for walking which is near the upper end of the buffer zone range as 
identified by Pushkarev and Zupan (1975a) which proceeds the onset of “Unnatural Shuffling”. 
Fruin (1987) also classified the space zone used for locomotion as Pacing zone and Sensory zone. 
Pacing zone is defined as the area required by a pedestrian to walk. It can be physically measured 
and is affected by the age, sex, physical condition and speed of the pedestrian. The Sensory zone 
is defined as the area in front of the pedestrian which is required clear for a smooth unobstructed 
flow. It depends on human perceptual and psychological factors. Individual pacing distance 
combined with perception and reaction times gives the sensory zone. Both the zones are affected 
by Terrain and Traffic conditions. Oeding (1963) suggested a lateral spacing of at least 0.75m (30 
in) between pedestrians.Pedestrians who know each other and are walking together will walk as 
close as 0.65m (26 in) center-to-center and at this distance there is considerable likelihood of 
touching. Fruin (1987) has showed a lateral spacing of less than 0.60m (24 in) under jammed 
conditions (0.5 m2/ pedestrian). In normal conditions, 0.75m (2.5 ft.) lateral spacing is tolerated 
only momentarily to pass a person or to walk alongside a person on stairs. A spacing of 0.9 to 
1.2m (3 - 4 ft.) or more is adopted by walking in a checkerboard pattern. 
Rakesh and Mohamed (2010) analyzed a pedestrian facility in the sub-centre of Chennai city 
by using the moving space bubble dimensions 4’-6” long by 2’-6” provided by Somer (1969). 
They have also pointed out that the Indian Road Congress (IRC) has stipulated standards for 
pedestrian facilities like sidewalks, guard rails, and pedestrian crossings but these lack “Human” 
element like aesthetics, scale, form and proportion.
Tanaboriboon and Guyano (1989) developed LOS standards for Bangkok, Thailand. It 
highlights the effects of body ellipse and walking speed (cultural values) on the LOS. It has been
pointed out that pedestrian characteristics and movements may differ due to different cultural 
attitudes and physical structures. Asians are generally smaller than westerners. It was found that 
the Thai pedestrian speed is 72.85 m/min (1.24m/s) whereas that of western pedestrians ranges 
from 78.6 – 82 m/min (1.31 m/s- 1.36 m/s). Comparison between the pedestrian speed, Maximum 
Flow and LOS of Thai pedestrians and western pedestrians was made.Millazo et.al (1999) pointed 
out that observations of capacity ranged from 72p/min/m for an American facility to 90p/min/m 
for Asian facilities. TheAsian capacity values may be more for American facilities, given the 
closer physical contact accepted by residents of Southeast Asian cities.
Average walking speeds of pedestrians by different authors has been compared by Rastogi 
et.al (2013), and it has been observed that Asian pedestrians walk at slower speeds as compared to 
those of US, Australian and European countries. Parida et.al have given a speed classification 
according to various land uses such as Residential, Public/ Semi-Public, Commercial etc. located 
in New Delhi. It has been observed that the lowest of 68.64 m/min (1.14 m/s) was found in 
Commercial Land use.
5 Data Collection and Extraction
5.1 Data Collection
A videography method using high resolution video cameras was used for capturing required 
data, which will then be extracted manually. The sites for various data collection are spanned out 
in New Delhi as India is a diverse country and the geography of the country has given a lot of 
diversity in terms of body dimensions. In India alone, there are people from different states which 
show a minor change in the body dimensions. The requirement of this study is to collect data 
spanned over an area such that it covers the diversity. New Delhi is one such cosmopolitan area. 
New Delhi is a state with cosmopolitan character and people from all over the country reside here. 
Because of the presence of government offices and Head Quarters of many private companies, a 
large amount of population comes from the other parts of the country for employment. It can be
said that Delhi is Mini India. The following data was then extracted from the survey:
1. Body Dimensions - Human Ellipse for Indian Pedestrians
Human Ellipse of Indian Pedestrians N. Singh et al.
153
2. Step Length of the Pedestrians
3. Distance pedestrians tend to keep away from each other
This survey data has been used to make a pedestrian database wherein pedestrian 
characteristics and the relation between them could be understood, i.e. the variance in Body 
Dimensions, Speed, and Tolerance to Congestion etc. 
5.2 Surveys Carried 
Following section gives details about how the surveys are carried out for required data
pertaining to Human Ellipse; details about the selected location and arrangement of the camera
etc. From extensive literature survey it was found that body dimensions are affected by the 
regional variances. A spot near the Regal cinema was selected as the study area as it has a heavy 
footfall throughout the day and people from all walks of life visit this place, which is required to 
analyze the body dimensions. Connaught place, being a commercial area, has a wide variety of 
people right from the ones going for work, to shop, to study, for recreational purposes etc.; with 
every class of people present there (rich, poor, etc.).Survey day was selected as a weekend day 
(Saturday) as that would give a larger number of pedestrians which is a pre-requisite of the survey. 
A 12 hour videography was done in the month of September near Regal Cinema Hall, Connaught
Place in Delhi on a weekend i.e. Saturday.
                             
A high resolution camera (Sony, HD650), say Camera 1 was placed at approximately 6m high
truss with its lens facing downwards. It was arranged so as to cover a rectangular study area of 
(5×2) m2 marked on the ground with white tapes in front of Café Coffee Day (figure 3).
Pedestrians going below the camera were captured and their shoulder width and body depth will 
be identified making a body ellipse for Indian Pedestrians. Figure 4 shows the top view of the 
shoulder width and body depth of the pedestrian passing from the study area, figure 5 shows the 
Human Ellipse along with Body dimensions and Step Length, and figure 3 shows the detailed 
sketch of the survey site.
Figure 3: Details of the survey site
Figure 4: Top view of a pedestrian passing from the survey area
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5.3 Data Extraction 
A Videography survey was carried out to collect the data of TOPVIEW of pedestrians walking 
along the facility for analyzing the body dimensions i.e. Shoulder Width & Body Depth. Along 
with body dimensions some other data such as male female composition in the sample, Speed, 
carrying a baggage or not, distance the pedestrians tend to keep between themselves and the 
fellow pedestrians, the Step Length etc. For data extraction a transparent sheet is fixed to the 
monitor using tapes and the boundaries of the on-screen grid is marked on sheet using a 
permanent marker. The rectangular box drawn on sheet is then divided into a number of grids of 
equal dimension (approximation). In this study, the on-screen grid on the monitor was facing a 
minor lens error (which has not been taken care of) and hence the 4 sides of the rectangle were 
varying. An averaged value of the length and width has been taken to compare the on-site and on-
screen rectangle.
On the transparent sheet, 0.5cm × 0.5cmgrids were made and video containing the data was 
played in the work station. Simultaneously, in another computer the extracted data was entered in 
an excel sheet. The parameters in the excel sheet for data extraction are direction of pedestrian 
travel (UP/DOWN), Gender (M/F), Entry and Exit Time, Shoulder Width, Body Depth, Density 
(no. of pedestrians at that instant), Step Length. Body dimensions of 747 pedestrians consisting of 
132 females and 615 males, was extracted from the videography survey.
6 Data Analysis
The data analysis procedure consisted of classifying the Human Ellipse data into different 
categories based on the space requirements of pedestrians with baggage, without baggage, male-
female etc. Tables with varying combinations were prepared in excel to see the differences in the
required values.  According to the analysis needs, data has been divided into three parts as 
mentioned below:
1. Body depth and Shoulder Width of a pedestrian
2. Step length of a pedestrian
3. Lateral distance pedestrians tend to keep between each other
Study wise data analysis is explained as below:
Figure 5: Figure showing a Human Ellipse along with Body dimensions and 
Step Length
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6.1 Body depth and Shoulder Width of a Pedestrian
As discussed in the earlier section, body dimensions of 747 pedestrians consisting of 132 
females and 615 males, was extracted from the videography survey. There is a variation in the 
body dimensions of males and females. Also, their space requirements on the walkway would 
change accordingly if the pedestrian is carrying a baggage or not. Values from the data were 
summarized; the average value along with its standard deviation and the 95th percentile value. 
This study being related to ergonomics requires a 95th percentile value is considered so as to cater 
the largest of the pedestrian dimensions. 
The data was divided gender wise into Male, Female and Male - Female together and further 
each of them has been categorized into pedestrians carrying Baggage (Handbag/ Backpack) on 
their shoulders, pedestrians walking without baggage (walking empty hand without any baggage), 
and General (pedestrians walking with and without baggage). The Sample size for each category 
is shown. It should be noted that the extracted data included children’s body dimensions also 
which were of very small scale and it disturbed the average and 95th percentile values. Hence, 
these outlying values of areas up to 0.05 m2 were removed from the data set.
As shown in the table 2 below, the Average, the Standard deviation, and the 95th  percentile 
values of elliptical areas of Males (with baggage, without baggage and both), Females (with 
baggage, without baggage and both) and Male-Female (with baggage, without baggage and both) 
are given in units of m2. It can be noticed from the values, that there is a huge difference in the 
average values and the 95th percentile values. The pedestrian facilities should be designed so as to 
accommodate more than average dimensions.
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Table 2: Summary of Body Ellipse
Table 2 clearly shows that 95th percentile elliptical area value of males without baggage is 0.14 
m2 and that of female without baggage is 0.12 m2, and if taken for male and female together (as 
the pedestrian facility will accommodate both) the values are 0.14 m2. The body ellipse 
dimensions corresponding to 0.14 m2 are 34.76 cm × 50.82 cm (Body Depth × Shoulder Width). 
Similarly, the values of the areas occupied by the male pedestrians with baggage is 0.213 m2
and that of female is 0.18 m2 and if taken for male and female together, it turns out to be 0.208 m2.
The backpacks increased the body depth and the handbags increased the shoulder width of a 
pedestrian. The body dimensions corresponding to the 0.208 m2 are 52.14 cm × 50.82 cm (Body 
Depth × Shoulder Width). 
The third row shows the body dimensions of pedestrians irrespective of pedestrians carrying 
baggage. The pedestrian facility will be used by a general public both male and female who may 
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or may not carry a baggage, hence this classification is important. It should be noted that area 
occupied by female is also almost equal to that of males because majority of the female population 
has carried bag which increase the area requirement. The two set of body dimensions for 0.173 
m2elliptical area are 43.45 cm × 50.82 cm/ 52.14 cm × 42.35 cm.
6.2 Step Length of a Pedestrian
A step length is the distance between the heel/toe of one leg and corresponding heel/toe of the 
other leg, while walking. The step length values of 747 pedestrians were extracted along with the 
extraction of pedestrians’ body dimensions. The extraction procedure is same as discussed in 
section previously. The average value of the step length is 87.52 cm with a standard deviation of 
10.27 cm and a 95th percentile value of 105.2 cm for the pedestrians. The survey was taken in a 
commercial area and the study sample consisted of a wide range of pedestrians varying physically, 
with different trip purposes hence giving away varying step lengths. A 95th percentile value for 
step length would be appropriate as for body dimensions 95th percentile value and hence has been 
selected.
6.3 Lateral Distance between Pedestrians 
Pedestrians tend to keep some distance between the fellow pedestrians laterally and 
longitudinally. This minimum distance is their comfort zone which, if hindered, shall make the 
pedestrian uneasy. Hence, for estimating the standing/walking area it is necessary to know how 
much distance do pedestrians keep from each other so that can be added in the body dimensions. 
Also, it can be noted that a pedestrian creates a buffer around itself by carrying a Handbag 
/Backpack. No person can intrude that space. The lateral distances vary according to the gender of 
the fellow pedestrian, and if they know each other or not. For this study, three combinations of 
pedestrian pairs were made; Male-Male (M-M), Male-Female (M-F), Female-Female (F-F). The 
pedestrian pairs walking together were observed and the distance they keep between them was 
measured. Also, from Fruin (1987) it was noticed that in congested condition, pedestrians reduce 
the longitudinal spacing rather than decreasing the lateral spacing. Hence, although data related to 
both longitudinal and lateral spacing between the pedestrian was extracted, only the lateral 
spacing data was analyzed. As explained earlier, shoulder- to - shoulder distance between; 54 
pairs of M-M, 38 pairs of M-F, and 12 pairs of F-F was extracted. The pedestrians walking too far 
from each other were excluded as it clearly showed that those pedestrians weren’t walking by 
choice but by the virtue of time as they must have entered the study area at that time. The average 
distance M-M keep between them is 40.78 cm; distance between M-F is 34.99 cm, and F-F share 
an average distance of 35.29 cm. The pedestrian facility is to be used by everyone; hence the 
lateral distance should be in accordance with all kinds of pairs using it. Therefore, the average of 
the lateral distance values are 38.03 cm with a Standard Deviation of 20.51 cm, the 95th percentile 
value is 74.95 cm.
7 Results
The main concern of this study is the Human Ellipse, which results into pedestrian space 
requirement. The three dimensions of this study are: (i) Basic body dimensions of Indian 
pedestrians; (ii)Lateral space Indian pedestrians tend to keep between them; and (iii)Step length of 
Indian pedestrians. The study was carried out in warmer weather, which affects the dimensions of 
the pedestrians due to lighter clothing as compared to Fruin’s study incorporating 5cm body depth 
for heavier clothing in colder weather. However, the study includes the dimensions of both 
males/females walking with/without baggage, compensating for lighter clothing.
The total sample size is 747 pedestrians, consisting of 615 Males and 132 females. This data 
has further been divided into:
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1. Dimensions of Males; with baggage (sample size 156), Without baggage (459), and 
General (615) i.e. both with and without baggage
2. Dimensions of Females; with baggage (sample size 68), Without baggage (64), and 
General (132) i.e. both with and without baggage
3. Dimensions of Males and Females taken together; With baggage (224), Without baggage 
(529), and General (747) i.e. both with and without baggage
Figure 6 shows a pictorial representation of human ellipse areas of different categories. These 
values are observed for different combinations, i.e. with baggage, without baggage, considering 
the step length etc. A cell is equal to 10 cm both horizontally and vertically. The first ellipse 
shows the 99th percentile shoulder width of the pedestrians in this study, and it does not include 
the body depth (hence, it is slimmer than other ellipses). This value is shown to compare it with 
equivalent value of shoulder width of 99th percentile civilian male 20.7 in (52.57cm) with 
recommended additions = 1.5 in (3.81 cm) for heavy clothing given by Fruin.
Pictorial
Representation
Description
99th percentile Shoulder width: 59.29 cm 
Basic male body dimension only for standing; 95% area 
without baggage (Exclusive of lateral distance, step 
length): 34.76 cm  × 50.82 cm (Body depth × Shoulder 
width)
Basic male body dimension only for standing, 95% area 
with baggage (Exclusive of lateral distance, step length, 
varies according to bag): 52.14 cm × 50.82 cm 
Author’s own dimension: 22 cm × 45 cm
Elliptical Area required for the body and 
one step taken 
95% body dimensions+ step length+ average 
distance between two pedestrians (halved on 
one side for one pedestrian): 
105.2 cm × 90.82 cm
Figure 6: Various Human Ellipse Areas Observed
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8 Conclusion
The 95th percentile elliptical area value is 0.14 m2 taken for male and female together w/o 
baggage, and the corresponding Human Ellipse dimensions yielding an Elliptical area of 0.14m2 
are 0.3476m × 0.5082m (Body Depth × Shoulder Width). 
Comparing 0.3476m × 0.5082m with: 
1. The dimensions 0.33m × 0.58m (Body Depth × Shoulder Width) stated by Fruin, it can 
be concluded that Indian pedestrians have 5.33% more body depth and 12.37% less 
shoulder width than the fully clothed male laborers observed by Fruin (1987). 
2. The dimensions 0.4572m × 0.6096m (Body Depth × Shoulder Width) stated by US-
HCM 2010, it can be concluded that Indian pedestrians have 23.97% less body depth
and 16.63% less shoulder width than its US Counterpart.
3. The latest figures 0.50m × 0.60m (Body Depth × Shoulder Width) stated by Transit 
Capacity & Quality of Service Manual (TCRP Report 165, TRB, 2013), it can be 
concluded that Indian Pedestrians have 30.48% less body depth and 15.3% less 
shoulder width than the 95th percentile US Male in mid-2000s.
The 95th percentile elliptical area value is 0.1733 m2 taken for male and female together with 
baggage and w/o baggage, and the two sets of dimensions leading to this area are 0.4345m × 
0.5082m (26 samples) and 0.5214m × 0.4235m (6 samples). These set of values is more 
important because it gives a more realistic approach as the pedestrian dimension includes space 
required for baggage also.
Comparing 0.4345m × 0.5082m (due to higher number of sample size favoring it) with:
1. The dimensions 0.33m × 0.58m (Body Depth × Shoulder Width) stated by Fruin, it can 
be concluded that Indian pedestrians have 31.67% more body depth and 12.38% less 
shoulder width than the fully clothed male laborers observed by Fruin (1987). 
2. The dimensions 0.4572m × 0.6096m (Body Depth × Shoulder Width) stated by US-
HCM 2010, it can be concluded that Indian pedestrians have 4.96% less body depth and 
16.63% less shoulder width.
3. The latest figures 0.50m × 0.60m (Body Depth × Shoulder Width) stated by Transit 
Capacity & Quality of Service Manual (TCRP Report 165, TRB, 2013), it can be 
concluded that Indian Pedestrians have 13.1% less body depth and 15.3% less shoulder 
width than the 95th percentile US Male in mid-2000s.
With respect to Basic space for single pedestrian, it can be concluded that observed Indian 
pedestrian’s space requirements are lesser. The walking ellipse, i.e. the area occupied for walking, 
includes the body dimensions and the pacing zone. The value of walking ellipse area for the 
observed pedestrians comes out to be 105.2 cm × 90.82 cm= 0.75 m2. It has been observed by 
comparing the walking ellipse area of 0.75 m2given by this study, with the moving space bubble 
dimensions of 4’-6”×2’-6”  (1.3716m× 0.762m = 0.820 m2 ) by Somer (1969) that the pacing 
length of observed Indian pedestrian is lesser by 23%, but the lateral area used for walking is more 
by 19%. This increase can be due to addition of approximately 40 cm i.e. average distance 
between two pedestrians, to the shoulder width dimensions, which may not have been considered 
by Somer (1969).
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